Introduction: Although emergency medicine (EM) training programmes have begun to be introduced in low-and middle-income countries (LMICs), minimal data exist on their effects on patient-centered outcomes in such settings. This study evaluated the impact of EM training and associated systems implementation on mortality among patients treated at the University Teaching Hospital-Kigali (UTH-K). Methods: At UTH-K an EM post-graduate diploma programme was initiated in October 2013, followed by a residency-training programme in August 2015. Prior to October 2013, care was provided exclusively by general practice physicians (GPs); subsequently, care has been provided through mutually exclusive shifts allocated between GPs and EM trainees. Patients seeking Emergency Centre (EC) care during November 2012-October 2013 (pre-training) and August 2015-July 2016 (post-training) were eligible for inclusion. Data were abstracted from a random sample of records using a structured protocol. The primary outcomes were EC and overall hospital mortality. Mortality prevalence and risk differences (RD) were compared pre-and post-training. Magnitudes of effects were quantified using regression models to yield adjusted odds ratios (aOR) with 95% confidence intervals (CI). Results: From 43,213 encounters, 3609 cases were assessed. The median age was 32 years with a male predominance (60.7%). Pre-training EC mortality was 6.3% (95% CI 5.3-7.5%), while post-training EC mortality was 1.2% (95% CI 0.7-1.8%), constituting a significant decrease in adjusted analysis (aOR = 0.07, 95% CI 0.03-0.17; p < 0.001). Pre-training overall hospital mortality was 12.2% (95% CI 10.9-13.8%). Post-training overall hospital mortality was 8.2% (95% CI 6.9-9.6%), resulting in a 43% reduction in mortality likelihood (aOR = 0.57, 95% CI 0.36-0.94; p = 0.016). Discussion: In the studied population, EM training and systems implementation was associated with significant mortality reductions demonstrating the potential patient-centered benefits of EM development in resourcelimited settings.
African relevance
• Emergency Centre mortality in Africa is higher than the global average • Minimal data exists on emergency medicine training effects on patient-centered outcomes in Africa
• Initiating emergency medicine training in Kigali, Rwanda resulted in a 43% reduction in overall hospital mortality.
• Emergency medicine training programmes may provide significant Introduction Emergency care provided by residency-trained emergency medicine (EM) physicians has been associated with improved outcomes in highincome countries (HICs) [1] . In HIC trauma centers with EM residency training programme, fewer complications and overall shorter hospital stays have been documented as compared to centres without training programmes [2] . While EM training is robust in many HICs, formalised EM training and associated care in the majority of low-and middleincome countries (LMICs) is incipient in implementation [3] .
Emergency Centre (EC) mortality in LMICs is high, with a metaanalysis demonstrating a median mortality prevalence of 1.8% [3] . Reasons for this are multifactorial and include higher burdens of undernutrition [4] , infectious diseases and injuries [5, 6] , systems barriers, and insufficient numbers of trained emergency care personnel in LMICs [3, 7] . As health burdens are projected to increase disproportionately in LMICs [8, 9] , there is consensus from advisory bodies that strengthened emergency care systems are crucially needed [10] . Thus, some LMICs have prioritised improving emergency care services [11, 12] .
Although there is limited data, focused improvements have been achieved in the provision of emergency care in LMICs. Development and implementation of triage systems have been associated with decreased inpatient mortality in LMIC settings [13] , and focused courses for injuries have been shown to facilitate improved outcomes in select countries [14] . Based on these data, some LMICs have initiated formalised EM training programmes. However, reports on these programmes tend to be descriptive and rarely include outcomes data [15, 16] .
Rwanda is a LMIC in sub-Saharan Africa that has radically transformed its healthcare system through the creation of national insurance [17] , community health expansion [18] , and HIV treatment [19] . One of the nation's recent health initiatives was the establishment of the first EM training programme at the University Teaching Hospital-Kigali (UTH-K). This study aimed to assess the impact of the introduction of formalised EM training and associated emergency care system implementation on patient-centered outcomes among cases treated at the UTH-K EC.
Methods
This retrospective interrupted time-series study was carried out at the UTH-K in Kigali, Rwanda. All patients presenting to the EC during the periods of November 2012 through October 2013 (pre-EM training implementation) and August 2015 through July 2016 (post-EM training implementation) were eligible for inclusion. Cases without identifiable medical records or lacking EC record documentation for the encounter of interest were excluded. The interrupted time-series approach was chosen as it is a validated method to evaluate healthcare improvement strategies while controlling for secular trends [20, 21] . The research activities were approved by the UTH-K ethics committee and the institutional review board of Rhode Island Hospital.
The UTH-K is the national public referral health center for Rwanda. The facility is a tertiary-care institution with approximately 40 EC and 500 inpatient beds with access to specialty and diagnostic services. As part of the Human Resources for Health (HRH) programme, which partnered academic medical centers in the United States with the Ministry of Health (MoH) to enhance the workforce across multiple specialties in Rwanda [22] , an EM post-graduate diploma (PGD) programme was begun at the UTH-K in October 2013 with clinical rollout in November of that year. The PGD programme was transitioned into a comprehensive four-year EM residency-training programme in August 2015. Prior to initiation of the EM training programmes, EC care was provided exclusively by general practice physicians (GPs). Since the initiation of EM training, EC staffing has been oriented with specific shifts allocated between GPs and EM residents, the latter of which functioned with oversight by board certified international EM physicians [22, 23] . The international faculty precept all EM resident cases but do not serve as primary treating providers. During the November 2012-October 2013 study period (pre-EM training), twelve GPs were staffed at the UTH-K EC 24-hours a day. For the August 2015 through July 2016 study period (post-EM training), EC care was delivered by seven independently practicing GPs and fourteen EM residents with faculty oversight. Shifts for each provider type were staffed only by the specific type of provider (i.e. GP or EM resident providers).
Aside from the implementation of the EM training programmes, resources available for emergency care in the pre-and post-EM training periods were similar. No significant changes were made in the physical structure of the EC or the availability of equipment/supplies. The one exception was the introduction of point-of-care ultrasound (POCUS), which was phased in as EM residents were trained in its usage. In addition, several EM systems changes were passed in over time in conjunction with EM training implementation, including formalised triage, team-based resuscitation and the designation of higher acuity areas in the EC [23, 24] .
Cases were identified and data were queried from institutional records via protocolised methods, as previously described [25] [26] [27] [28] . Briefly, using a multipoint composite index generated from an electronic hospital database, all EC cases during each month of the accruement periods were identified. Subsequently, all cases were coded with a unique identification number and were sampled at random until a sufficient number of records meeting inclusion criteria were identified (range: 135-165 records per month). Protocol-trained personnel abstracted data using a standardised instrument. Data procedures conformed to quality practices for chart review research [29] .
Data included demographics, prior medical history, provider type, clinical presentation, case type, EC care, diagnoses, length of stay (LOS), and EC and inpatient outcomes. Clinical presentation included data on triage vital signs and mental status (using the Alert/Verbal/ Pain/Unresponsive [AVPU] scale) [30] . Case types were coded as medical or injury. Provider type was defined based on the practitioner that treated each patient at presentation and was coded as either GP or EM resident. Time and date of first EC contact was used to categorise cases as treated during day (07 h00-19 h29 hours) or night (19 h30-06 h59 hours) and on weekdays (Monday through Friday) or weekend days (Saturday or Sunday). Data were entered into an electronic password-protected database [31] . Ten percent of included records were randomly selected and re-entered by personnel blinded to the initial abstraction.
Data analysis was performed using STATA version 15.0 (StataCorp; College Station, USA). Descriptive analyses were undertaken for the overall cohort and stratified by time period as pre and post-EM training implementation. Variables were described using frequencies with percentages or medians with associated interquartile ranges (IQR). Characteristics based on time period were compared using Pearson X 2 tests for categorical variables and by Mann-Whitney or t-tests for nonnormally and normally distributed continuous variables, respectively. To account for multiple testing, a significance level of p < 0.004 was utilised in analyses [32] .
The primary outcome of interest was all-cause mortality. Discrete mortality outcomes were evaluated during EC care (all cases) and inpatient care (admitted cases) periods. As well, overall mortality, (aggregating EC and inpatient outcomes), was used. The primary predictor variable was the period of care defined as the reference of pre-EM training (November 2012-October 2013) or comparator of post-EM training and systems implementation (August 2015-July 2016).
Mortality outcomes based on three-month periods before and after training initiation were explored using proportions with 95% confidence intervals (CI). Logistic regression models yielding odds ratios (OR) were used to quantify magnitudes of effect. Multivariable regression analyses, adjusted a priori for covariates known to be associated with mortality, were used to calculate adjusted odds ratios (aOR). Covariates included: age [3] , type of illness [33, 34] , EC LOS [35] , presence of critical hypoxia (SpO 2 ≤ 88%) [36] and shock index [37, 38] . Age was modeled as a continuous parameter. Shock index was utilised as binary with a cut-point at 0.9 [39] . All regression models included a temporal variable based on year and month to control for secular trends in outcomes in the study setting. Stemming from identified differences in EC LOS during the study periods, a post-hoc sensitivity analysis comparing inpatient mortality during inpatient care days 2-4 was undertaken to evaluate if the changes in observed EC mortality could be accounted for through differential categorisation of patient status as EC patients versus inpatients.
Additional secular trends in mortality outcomes were explored using proportions and risk differences (RDs) with statistical significance assessed using two-sample tests of proportions. Specific comparisons were undertaken for the pre-and post-EM training periods and included variables on treatment initiation during day versus night hours and weekdays versus weekend days. Mortality outcomes were also assessed by matched time periods pre-and post-EM training to evaluate for temporal trends and impacts of seasonality. Sensitivity analyses using the initial regression models with the addition of the presence of altered mental status (AMS) were carried out. For data quality assessment using the double-entered records, inter-rater reliability (IRR) was calculated via Cohen's κappa (κ), and interpreted using standard criteria [40] .
Results
Among 43,213 EC cases during the study periods, 10,424 were randomly selected and screened. Of these, a total of 3,609 cases met inclusion and were analysed. There were 1952 pre-EM training cases and 1657 post-EM training cases sampled (Fig. 1) .
In the overall population, the median age was 32 years (IQR: 22, 50) and the majority of cases were male (60.7%). There were similar proportions of medical and injury cases in the overall cohort. Definitive outcome data were present for 85.3% of cases. In the pre-versus post-EM training cohorts, there were no significant differences in cases based on age, gender, case type, or prior medical history. As compared to the pre-EM training cases, those in the post-EM training cohort had a significantly lower prevalence of AMS (Table 1) .
In the post-EM training sample, there was a significantly shorter EC LOS, a greater proportion of admitted cases, and a lower prevalence of transfers as compared to the pre-EM training sample. Inpatient LOS was significantly shorter for the post-EM training cohort as compared to the pre-EM training cohort; however there were no significant differences for other inpatient outcomes (Table 1) .
EC mortality decreased from 6.3% (95% CI 5.3-7.5%) during the pre-EM training period to 1.2% (95% CI 0.7-1.8%) during the post-EM training period (Table 1 ). The improved EC survival remained when the sample was stratified based on chronologic and temporally matched time periods, as shown in Fig. 2 (Panel A) and Supplement A, respectively. In multivariable regression analyses, there was a 93% reduced likelihood of EC mortality for cases treated in the post-EM training cohort as compared to those in the pre-EM training sample (aOR = 0.07, 95% CI 0.03-0.17; p < 0.001) ( Table 2) . Inpatient mortality was not significantly different during the preversus post-EM training periods (11.6% versus 11.2%) ( Table 1) . This was maintained when the cohorts were compared by three-month time periods chronologically (Fig. 2, Panel B ) and temporally matched (Supplement A). Similarly, there was no significant difference preversus post-EM training in the likelihood of inpatient mortality identified after adjusting for potential confounders via regression modeling ( Table 2) .
Overall hospital mortality was 12.2% (95% CI 10.9-13.8%) and 8.2% (95% CI 6.9-9.6%) for the pre-and post-EM training cohorts respectively. Overall hospital mortality in the post-EM training cohort was reduced during all stratified time periods evaluated as compared to the pre-EM training cohort (Fig. 2, Panel C & Supplement A) . Overall hospital mortality likelihood was reduced by 43% among the post-EM training cases as compared to the pre-EM training cases (aOR = 0.57, 95% CI 0.36-0.94; p < 0.016) ( Table 3) .
The same patterns in outcomes were found in secular analyses when cases were stratified and compared by treatment time or treatment day (Table 3) . Additionally, intra-cohort analyses of secular trends for mortality outcomes based on treatment time and day identified no significant differences in outcomes between samples (Supplement B). In post-hoc sensitivity analysis assessing early inpatient deaths (days 2-4 as inpatients) there was no significant difference in mortality between the pre-and post-EM cohorts (1.7% versus 1.9%; p = 0.79). Regression sensitivity models reproduced the same trends in likelihoods of mortality across the outcomes of interest as the primary analyses (Supplement C). Among double entered records, IRR was excellent, κ = 0.95 (standard error 0.04).
Discussion
This study provides key data on the impact of formalised EM training and systems development on mortality in an LMIC setting. The results demonstrate an association between the implementation of EM training with formalised EM care systems and reduced overall hospital mortality, which was driven predominately by improved EC survival. Although limited by design aspects, these findings highlight improvements in a patient-centered outcome with EM training and systems Fig. 1. Study Flow Diagram. 
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African Journal of Emergency Medicine 9 (2019) [14] [15] [16] [17] [18] [19] [20] development in an LMIC, and support further research and investment in EM in resource-limited settings. ECs in LMICs treat high-risk patients. A meta-analysis found that the median EC mortality was 4.8% among reports from Africa, a figure onehundred fold greater than EC mortality from the United States [3, 41] . Adding to this, with the limited access to trained emergency care personnel in LMICs [42] , the potential for EM training to improve outcomes is substantial. The current results represent the first available data demonstrating an association between implementation of formal EM training with formalised EM care systems and mortality reductions in an LMIC. Although no studies have shown this previously, multiple reports have illustrated benefits with forms of EM development. A study from Tanzania, which assessed patient outcomes before and after the installation of a full-capacity EC, found that hospital mortality was reduced post-intervention. In the Tanzania report, impacts on mortality were not assessed based on implementation of EM training specifically [43] . Additionally, use of the South African Triage Scale in Botswana improved triage accuracy [44] , implementation of trauma protocols in Colombia increased use of vital EC treatments [45] and emergency paediatric care in Malawi and Sierra Leone have been associated with reduced child mortality [46, 47] . The concordance of the present data with the earlier reports from alternative settings suggest validity in the findings and adds support for investment in EM systems in LMICs.
In the analysis, a 4% absolute reduction for overall hospital mortality was found between study periods. Although during the studied time periods mortality among hospitals in Rwanda was down trending, the magnitude of absolute reduction in the current cohort was twice as great as the national trend, and the association of improved survival with EM implementation was statistically significant when adjusting for temporal variables, suggesting that alternative beneficial factors existed [48, 49] . Paramount among these was the MoH HRH programme, which supported not only EM training initiatives but also ones in internal medicine, surgery, anaesthesia, obstetrics and gynaecology, and paediatrics [22] . With this programme, it is likely that survival gains were derived from multiple factors, such as improved care delivery and resuscitation during the emergent phases of illnesses, more rapid access to consultant services, and enhanced efficiency in care delivery. For example there was a significant reduction in EC LOS between study periods, a factor that has been shown to be associated with improved outcomes [35] . Taking into account however, the EC-specific mortality reductions which drove the overall survival benefits, the data suggests that implementation of EM training and systems were likely a key factor in the observed outcomes.
Although the MoH HRH programme was engaged in training practitioners across a number specialties, the EM training programme was the only de novo specialty in the Rwanda setting [22] . Given this, it is reasonable to expect larger relative impacts in emergency care outcomes. As the EM programme employed multiple educational and systems changes, including formal didactics, clinical oversight and improved EC organisation, the significant improvements in EC specific outcomes are likely valid [23] [24] [25] 27, 28] .
There were some significant differences between the pre-and post-EM training cohorts. However, in sensitivity analyses adjusting for differences, the trends between EM training and improved survival were maintained. Furthermore, in evaluation of inpatient mortality, there was no significant difference in early deaths between the time periods studied, making re-categorisation of case status unlikely to account for the EC gains. The secular trends in pre-and post-EM training outcomes demonstrated that overall mortality risks were consistently reduced regardless of treatment time or day assessed. These results suggest that EM training and systems implementation rather than external factors were associated with the beneficial observed outcomes.
Although rigorous methods were used [29] , the retrospective design resulted in an inability to identify a proportion of eligible cases and some missing data among included cases, which may have introduced bias. However, given that records were missing at random, there were minimal significant differences between periods, and outcome data were attained for more than 85% of cases, it is likely that the sample is representative of the population of interest. Although the multivariable analyses controlled for illness severity and temporal factors, unmeasured confounders such as disease specific characteristics and availability of treatments or procedural services could have influenced the findings. The interrupted time-series design did not allow for the assessment of causality, limiting the ability to definitively evaluate whether EM training and system development reduced mortality [50] . Moreover, the available data did not allow for evaluation of specific training or systems interventions to which survival gains could be attributable and it is possible that the driving factors were multifactorial, potentially stemming from improved staffing resources and abilities or variations in treatments. Even though specific interventions and all possible confounders were not identifiable, the present data provides a pragmatic analysis on the impact of EM training and associated EM systems implementation. Additionally, although temporal factors were evaluated and controlled for in the analyses it is possible broader changes in survival over time in Rwanda could have impacted the results. Finally, the research was performed at a single tertiary-care hospital with external support, which may limit the generalisability to health venues with fewer resources. The presented data, demonstrating that implementation of EM training with formalised EM systems were associated with a significant reduction in mortality, predominately driven by enhanced EC survival, and supports investment in EM education and systems development. However, with the inherent design limitations in the time-series data, the findings would be bolstered through prospective evaluations in alternative LMIC settings. Given the health burdens in emergency populations, controlled randomised cross-over trials evaluating EM training implementation will be the most ethically appropriate methods for future research.
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Dissemination of results
Preliminary results from this work were presented at the American College of Emergency Medicine, Scientific Assembly, October, 2017 in Washington D.C., USA. The final results from this research were shared with staff members at the University Teaching Hospital in Kigali, Rwanda through presentations within the emergency centre by local staff affiliated with the study activities. It will be further discussed at the forthcoming African Conference on Emergency Medicine, also in Kigali, Rwanda. 
